We have used naphthol-ASMX-phosphate and Fast Red TR in combination with alkaline phosphatase (APase) to produce fluorescent precipitated reaction products in a nonradioactive in situ hybridization (ISH) method. To obtain optimal and discrete localization of the strongly red fluorescent ISH signals, the enzyme precipitation procedure was optimized. The optimal reaction time and the concentrations of substrate and capture agent were determined. Furthermore, polyvinyl alcohol (PVA) was used to increase the viscosity of the reaction mixture and thus to reduce d i f b sion of the reaction product. Our results show that the &-Fast
Introduction
Non-radioactive ISH is a powerful technique to detect target DNA sequences up to the level ofsingle copy genes of 1-6 KB (14,20,34,40).
The sensitivity of this technique is now comparable to the sensitivity of radioactive procedures. Furthermore, non-radioactive ISH has advantages over radioactix ISH Owing to its better spatial resolution, probe stability and direct results. Since its introduction (2,13,16,30), many non-radioactive detection systems have been described for ISH, including enzyme cytochemical as well as fluorescence procedures (28). Most of these methods are based on the detection of in situ hybridized and modified DNA probes with cytochemical layers of either avidin or antibody conjugates. These conjugates can carry fluores-cent marker molecules for use in fluorescence microscopy (26). Furthermore, enzymes, the reaction products of which can be visualized by brightfield microscopy ( 1 2~4 ) or reflection-contrast microscopy (19), are being used as reporter molecules. Recently, the application of directly fluorochrome-labeled DNA probes has been described (24,42).
In spite of the high sensitivity which can be obtained with the fluorescence ISH method, this procedure has the disadvantage that rapid fading of the fluorescence signal takes place during excitation (17). This can be the result of bleaching, i.e., the reduction of fluorescence due to photochemical reactions that cause decomposition of the fluorescent molecules, or it can be due to quenching, the reduction of fluorescence owing to the presence of other fluorophores, oxidizing agents, or other compounds that influence the electronic configuration of the fluorophore. Therefore, antibleaching reagents are being added to the mounting medium to delay the bleaching process (4).
Other non-radioactive methodologies are also being studied, including time-resolved fluorescence microscopy using labels such as europium-activated inorganic phosphors (3), and chemiluminescence (6). In spite of the sensitivity that has thus far been ob-tained with these approaches, their application to ISH is still not a routine procedure.
Recently, the use of naphthol-ASMX-phosphate as substrate and the diazonium salt Fast Red TR as trapping agent for the demonstration of APase activity (25,43) (further abbreviated as APase-Fast Red technique) showed that the red reaction product was highly fluorescent on excitation by green light (550 nm). From earlier studies (9, 11, 27) , it was known that fluorescent products could be produced, e.g., by hydrolysis of substituted naphthol-AS-phosphates, with or without a trapping agent such as Fast Red TR. As a result of the fluorescent property of the APase-Fast Red reaction product, the sensitivity of antigen detection was enhanced in the fluorescence assay as compared with detection of the reaction product under brightfield illumination. Furthermore, the fluorescent character of the red precipitate appeared to be stable on exposure or during storage (25, 43) .
Because of these apparent advantages of the APase-Fast Red technique, we examined its usefulness in ISH procedures. In this report we define parameters for an accurate localization of fluorescent azo dye precipitate signals and have studied sensitivity and bleaching characteristics in interphase nuclei as well as in metaphase preparations.
Materials and Methods
Cell Processing. Preparation of slides from a cell suspension of the human transitional cell carcinoma line T24 (DI = 1.6; trisomic for the centromeres of chromosomes 1 and 7) (7), as well as steps necessary for removal of cytoplasm to improve DNA probe and conjugate penetration, were performed as previously described (15.31). Briefly, 5 pI of the T24 cell suspension were dropped on poly-L-lysine-coated glass slides, air-dried, and heated at 80'C for 1 hr. Thereafter, digestion with pepsin from porcine stomach mucosa (2500-3500 Ulmg protein) (Sigma; St Louis, MO) was performed at a concentration of 100 pglml in 0.01 M HCI for 20 min at 37°C. After five subsequent washes in both demineralized water (Milli Q) and phosphatebuffered saline (PBS; 0.15 M NaCI, 10 mM Na-phosphate, pH 7.2) and fixation in 1% paraformaldehyde in PBS for 20 min at 4'C, the slides were again washed in PBS (five times) and Milli Q (five times). These preparations were pre-equilibrated in 60% formamide, 2 x SSC (0.3 M NaCI, 30 mM Na-citrate) of pH 5.0 containing 0.05% Tween 20 (Merck; Darmstadt, Germany) for 5 min at room temperature and washed in 2 x SSC of pH 7.0 for 5 min at room temperature.
Prrparation of Metaphase Spreads. Phytohemagglutinin-stimulated lymphocytes from a normal adult male (46,XY) were cultured in 1 x chromosome medium (Boehringer; Mannheim, Germany) at 37'C for 72 hr and treated for 2 hr with colcemid (Gibco BRL; Breda, The Netherlands) at a concentration of 0.2 pg/ml. After centrifugation cells were re-suspended in a pre-warmed (37°C) swelling buffer containing 50 mM KCI, 5 mM N-[2-hydroxyethyll-piperazine-N- [ 2-ethanesulfonic acid] (Hepes), 10 mM MgS04, and 3 mM dithiothreitol (DIT), pH 8.0. After incubation for 20 min at 37'C, cells were fixed with four changes of methanollacetic acid (3:l v/v) . These cell suspensions were stored at -20'C until use. Cells were dropped on ethanollether (1:1 v/v) cleaned slides and allowed to &-dry. The slides were then treated with 100 pglml RNAse A (Boehringer) in 2 x SSC, pH 7.0, under a coverslip for 1 hr at 37'C. followed by three subsequent washes with 2 x SSC, pH 7.0, for 5 min at 37'C. Thereafter. digestion with pepsin was done at a concentration of 100 pg/ml in 0.01 M HCI under a coverslip for 10 min at 37'C. After five dip washes in Milli Q and two washes in PBS and PBS containing 50 mM MgCIz, respectively, for 5 min at room temperature, the preparations were post-fixed with 1% formaldehyde in PBS/SO mM MgClz for 10 min at room temperature. After two washes in PBS the slides were dehydrated in ethanol and kept at room temperature until use.
DNA F'robes and Labeling Procedure. The probes for the (perikentromeric regions of the human chromosomes 1 (pUC 1.77) and 7 (p7tl) have been described by Cooke and Hindley (10) and Waye et al. (41) . The human lp-specific subtelomeric probe pl-79 was described by Buroker et al. (8) . A mixture of five single-copy subclones specific for 15.8 KB of the 3' end DNA sequence of the thyroglobulin gene (39), located on the distal end of the q arm of chromosome 8. was used for ISH as described by Landegent et al. (19) . For the single-target ISH procedure the DNA probes were biotinylated with Bio-ll-dUTP (Enzo Diagnostics; New York, NY) in a nicktranslation reaction as described by Brigati et al. ( 5 ) . For use in the doubletarget ISH procedure, the pUC 1.77 probe was labeled with digoxygenin-11-dUTP (Boehringer) in a nick-translation reaction.
In Situ Hybridization Procedures. The DNA probes described above were hybridized in single-and double-target ISH in a hybridization buffer containing 60% formamide, 2 x SSC, pH 5.0, 10% dextran sulfate, 0.2 p g / d herring sperm DNA as carrier DNA, and 0.2 pg/p1 yeast tRNA as carrier RNA, except for the thyroglobulin probe, which was hybridized in hybridization buffer containing 50% formamide. In the single-target ISH procedure we added 10 pl buffer to the slides under a coverslip (20 x 20 mm) containing 4 ng biotinylated pUC 1.77 DNA, 10 ng biotinylated p7tl DNA, or 20 ng biotinylated thyroglobulin gene DNA. For double-target ISH the buffer contained 4 ng digoxygenin-labeled pUC 1.77 DNA and 10 ng biotinylated p7tl DNA. Denaturation was performed on the bottom of a metal box in a water bath at 80'C for 5 min. Hybridization was performed overnight at 37'C. Post-hybridization washes were performed twice in 50 or 60% formamide (depending on the probe used), 2 x SSC, pH 5.0, containing 0.05% Tween 20 for 10 min at 42'C, twice in 2 x SSC, pH 7.0 for 5 min at 42'C, and once in 4 x SSC, pH 7.0, containing 0.05% Tween 20 (Buffer A) for 5 min at room temperature.
Cytochemical Detection Procedures. To reduce background staining the slides were pre-incubated with 4 x SSC, pH 7.0, containing 5 % non-fat dry milk for 10 min at room temperature, followed by dipping in Buffer A. Direct fluorescence detection of the biotinylated DNA probes was performed with 1:lOO dilutions of FITC-conjugated avidin (AvFITC, 5 mglml stock) or Texas Red-conjugated avidin (AvTmD). ISH signals were amplified with a 1:100 dilution of biotinylated goat anti-avidin (BioGAA), followed by a second layer of AvFITC or AvTxRED (all from Vector; Brunschwig Chemie, Amsterdam, The Netherlands). For fluorescent APase-Fast Red detection of the biotinylated DNA probes, the slides wre subsequently incubated with layers of (a) APasc-conjugated avidin (AvAP, 0.4 mglml stock, 1:lOO diluted) (Dakopatts; Glosuup. Denmark), BioGAA, and AvAP, or (b) mouse anti-biotin (MABio, 1:lOO) (Dakopatts), biotinylated horse anti-mouse IgG (BioHAM, 1:200) (Vector) and an avidin-biotinylated f i e complex (Av/BioAP) (Boehringer) used according to the manufacturers' instructions. After double-target ISH, first the biotinylated probe was detected with two layers of AvAP (see above), followed by incubation with mouse monoclonal anti-digoxygenin (MADig, 1:2000) (Sigma) and FIEconjugated rabbit anti-mouse IgG (RAMFITC, k100) (Dakopatts). All the avidin conjugates and BioGAA were diluted in Buffer A, the antibody conjugates were diluted in PBS containing 0.05% Tween 20 (Buffer B) and 2% normal rabbit serum, and the AvlBioAP complex was formed and used in 4 x SSC. pH 7.0. After each incubation step the slides were rinsed twice in the appropriate dilution buffer (without serum) for 5 min at room temperature. For the fluorescence approach the slides were dehydrated and mounted in PBS/glycerol (19, v/v) containing 2.3% of the anti-bleaching reagent DABCO (Sigma) and 1.25 ng/ml of either the nuclear DNA stain 4.6-diamino-2-phenyI indole (DAPI) (Sigma) or propidium iodide (PI) (Sigma). Microphotographs were made on Kodak h w 400 ASA color slides, using a Lcitz Dialux 20 EB microscope equipped with a 50-W mercury-arc lamp and appropriate filter Sets for FITCIPI. TxRED/PI, and DAPI fluorescence. Exposure times were approximately 15 sec for FITC and APase-Fast Red precipitate fluorescence and 1 sec for DAPI fluorescence.
Microphotographs from APase-Fast Red precipitate absorption staining were taken with the same microscope using a 540-nm green filter and Agfapan 25 ASA black-and-white film.
Alkaline Phosphatase Cytochunistry. After incubation with the APase conjugates and two washing steps with PBS for 5 min each at room temperature, the APase activity was demonstrated with an azo dye coupling technique (9) . To obtain acceptable localization of ISH signals, different approaches and staining times were used for comparison (see %ble 1). The standard protocol was performed with a stain solution containing 4 ml of 0.2 M Tris-HC1 buffer, pH 8.5, with 5% PVA (hiW 40,000) (Sigma), 1 mg of naphthol-ASMX-phosphate (Sigma) in 250 pl buffer without PVA, and 5 mg of Fast Red TR salt (Sigma) in 750 p1 buffer without PVA. This stain solution was then gently mixed and used immediately. Filtering through Whaunan filter paper was performed for the solutions without PVA but was omitted for the PVA containing solutions. No negative effcct was observed by omitting this step. Slides were incubated with 100 pl stain solution under a coverslip for 15 min at room temperature and then washed three times with PBS for 5 min at room temperature. Reaction periods longer than 30 min were avoided, since diazonium salts such as Fast Red TR are unstable in alkaline buffers (21). The slides were air-dried and mounted as described above (without dehydration) using the DABCOlDAPI mounting solution.
Quantitadon of Fluorescent ISH Signals. The Biorad MRC 600 confocal scanning laxr microscope was used to quantitate the fluorescence intensities by measuring 25 selected ISH signals (1.2931). The microscope was equipped with a krypton-argon mixed gas laser with two separate wavelengths for the excitation of F I X (488 nm) and %RED (568 nm). The latter was also used for excitation of the APase-Fast Red reaction product. A 3% neutral density filter was placed in the laser light pathway to reduce light intensity. After 30 scans of 0.3 pm (Z direction) from a microscope field (1 scanlsec), the obtained images were visualized twodimensionally and processed using the Biorad MRC 600 working station.
Bleaching of FITC and APase-Fast Red ISH Signals. In each bleaching experiment the fluorescence intensities of the ISH signals of four nuclei were quantitated as described above. The nuclei were subjected to either blue light (FIX signals) or green light (APase-Fast Red signals) from the mercury-arc lamp for various periods of time. At certain intervals the ISH signal intensities were quantitated. The average fluorescence intensities of the nuclei were corrected for background and standard deviations were calculated. Furthermore, the effect of 3%, lo%, and 100% laser transmission (0.15, 0.5, and 5 mW laser light, respectively) (G. Husson, Biorad, personal communication) on the bleaching of FITC and &-Fast
Red fluorescence was studied in the same way as described above for the mercury-arc light.
Results
From the literature, some indications exist that the precipitated APase-Fast Red reaction product has fluorescent properties. This phenomenon was further explored and the reaction was optimized and quantitated.
Optimizing the APase-Fast Red Detection System
To adapt the APase-Fast Red technique for use in fluorescence ISH, several known reaction protocols were tested in a model system consisting ofT24 cells in combination with the biotinylated DNA probe for the centromere of chromosome 1, which was detected with AvAP ( Table 1 ). The discreteness of localization and fluorescence intensity of the three APase-Fast Red signals, as well as the background fluorescence in the nuclei, were visually interpreted and scored by comparing these results with a cytochemical FITC detection procedure of the same probe (Figure la) . Procedure 1 in Table 1 shows that the use of high concentrations of naphthol-ASMX-phosphate and Fast Red TR leads to highly fluorescent ISH signals in T24 nuclei, using a filter set specific for TxRED fluorescence. However, these fluorescent APase-Fast Red ISH signals showed a poor localization and as a result a strongly fluorescent staining throughout the entire nucleus ( Figure Ib) . In contrast, visualization in brightfield microscopy showed a well-localized trisomy for the centromere of chromosome 1 in the same nuclei (compare Figures Ib and IC) . To improve the discreteness of localization ofthe fluorescent APase-Fast Red signals, several reaction conditions were tested in which concentrations of naphthol-ASMX-phosphate and Fast Red TR, as well as the incubation buffer composition and pH, were modified (Proce- T h e biotinylated centromere probe for chromosome 1 (pUC 1.77) was detected by three cytochemical layers of, respectively, APase-conjugated avidin (AvAP). bio- Figure IC . The procedures described above were all performed for 15 min at room temperature. The same findings were also observed on metaphase preparations of normal human lymphocytes.
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To examine the effect of this incubation time on the discreteness of localization and fluorescence intensity of the signals, increasing incubation periods were chosen, as shown in Tible 2 (Reactions 1-3). A staining reaction for 15 min at room temperature appeared to be optimal for a distinct localization, a high fluorescence intensity of the ISH signals, and a low background fluorescence in the nuclei. Longer incubation periods did not result in a further increase of the fluorescence intensity of the spots, although there was an obvious increase of red precipitate observed by brightfield microscopy.
Double-target ISH with the APase-Fast Red Detection System
Detection with the APase-Fast Red fluorescence technique could be combined with F I X fluorescence detection in a double-target ISH experiment to demonstrate the presence of a biotinylated and a digoxygenin-labeled probe simultaneously in T24 nuclei ( Figures  If and lg) . Both the three green (trisomy for chromosome 1 centromere) and the three orange (trisomy for chromosome 7 centromere) signals can be observed simultaneously by using filters specific for F I E fluorescence. The APase-Fast Red signals thus show a more orange fluorescence of minor intensity as compared with the red fluorescence seen with the TxRED filter setting. Such a double fluorescence experiment was also performed.by Matsuno et al. (23) to localize antibody-forming cells in combination with antigens. With the w filter setting we observed no APase-Fast Red fluorescence.
Sensitivity of the APase-Fast Red Detection System
For application of the APase-Fast Red technique to ISH on metaphase preparations of normal human lymphocytes, a 30-min incubation period resulted in a poor localization of the fluorescent ISH signals (see Figures Ih and li , and Reaction 3, Table 2 ). Instead of a staining reaction only in the centromere site of chromosome 1, both chromosomes were completely stained after the APase-Fast Red reaction (Figure li Table 2 ). Brightfield microscopy showed the same feature as seen for the interphase nuclei, i.e., the centromere sites on chromosome 1 were clearly visible as a dark red color and were localized after an incubation period of 15 and 30 min (data not shown).
The sensitivity of the APase-Fast Red technique was determined by two different approaches: (a) by reducing the concentration of the centromere 1-specific probe pUC 1.77, and (b) by using probes that detect smaller DNA target sequences, such as the subtelomeric probe for chromosome 1 (pl-79) and the single-copy thyroglobulin probes of 15.8 KB. These biotinylated probes were detected with the APase-Fast Red technique, which was compared with a sensitive FITC fluorescence procedure (Table 3) .
Reduction of the Probe Concentration. Hybridization with decreasing concentrations of the centromere probe for chromosome 1 resulted in a reduced intensity of APase-Fast Red fluorescence comparable with the results obtained with the FITC fluorescence procedure (Reactions 1-4, Table 3 ). Despite the observation of fluorescent APase-Fast Red ISH signals at a probe concentration of 4-8 pg/ pl, the same signals could, however, hardly be detected with brightfield microscopy, which proves the higher sensitivity of the fluorescence assay over that of the brightfield assay.
Detection of Small DNA Targets. The in situ hybridized subtelomeric probe for chromosome 1 and the thyroglobulin probes could be detected by either the APase-Fast Red or the FITC fluores- cence technique, but only the former probe could also be detected as a red-colored absorption signal by brightfield microscopy (Reactions 5 and 6, Table 3 ). Figures 11 and Im and In and lo show the detection of the pl-79 and thyroglobulin probe, respectively, on metaphase spreads after staining with the APase-Fast Red technique and fluorescence microscopy. Both probes were detected with three incubation steps of respectively MABio, BioHAM, and AV/ BioAP (Reactions 5 and 6, Table 3 ). The same sensitivity could be obtained on interphase nuclei (data not shown).
Quantitation of the Fluorescence of the APase-Fast Red Reaction Product
Thus far the results demonstrate that highly repetitive DNA sequences as well as single-copy DNA sequences can be detected with both the APase-Fast Red technique (using fluorescence microscopy) and the FITC fluorescence procedure. To obtain an impression of the fluorescence intensity of the APase-Fast Red ISH signals, we quantitated these signals in T24 cell nuclei, which were stained according to Procedure 6, Table 1 . These fluorescence intensities were compared to intensities of the fluorochrome Texas Red, since both the APase-Fast Red reaction product and the Texas Red label can be excited by the same laser wavelength (568 nm) in confocal scanning laser microscopy. Therefore, the same biotinylated centromere 1-specific probe pUC 1.77 was detected with two layers of AvmED. Using the same background correction, the fluorescence intensity of the APase-Fast Red ISH signals was approximately three times as high as that of the Texas Red ISH signals (data not shown).
Bleaching of the Fluorescent APase-Fast Red ISH Signals
We examined the bleaching properties of the APase-Fast Red reaction product by determining the effect of illumination with (a) light from the mercury-arc lamp and (b) different intensities of laser light, on the fluorescence intensity of specific FITC and APase-Fast Red ISH signals (Figure 2 ).
Exposure to Mercury-arc Light. Figure 2a shows that the effect of illumination with the mercury-arc lamp (blue light, F I E filter set) on FITC fluorescence intensity has a more profound effect than illumination with 488-nm laser light of 0.15 mW. Within 5 min of constant illumination with mercury-arc or laser light, the FITC signal intensity was reduced by about 60% and 15%, respectively. In the same way, the effect of illumination with both the mercuryarc light (%&ED filter set) and 568-nm laser light of 0.15 mW on the APase-Fast Red ISH signal intensities was assessed (figure 2b). It appeared that within 5 min of exposure to mercury-arc light no bleaching of the APase-Fast Red signal was observed, and that only 10% bleaching was measured after 5-min exposure to the laser light (data not shown). Therefore, the APase-Fast Red signals were illuminated up to 120 min with mercury-arc light to determine ifreduction of the fluorescence intensity could be observed. Figure 2b illustrates that approximately 50% of the ISH signal intensity is left after 120 min of illumination, which makes the fluorescent APase-Fast Red label far less sensitive to bleaching by mercury-arc light than the FITC label.
Exposure to Laser Light. To investigate the effect of scanning with laser light intensities on the intensity and bleaching of the FITC and APase-Fast Red signals, the preparations were exposed to laser light of 0.15, 0.5, and 5 mW in 12 series of 30 scans, 30 sec each. The results are presented in Figures 2c and 2d . It is obvious from Figure 2c that the intensity of FITC signals was reduced to approximately 85% after illumination with 0.15 mW laser light, to 70% after 12 scan series of 0.5 mW laser light, and was no longer detectable after seven scan series of 5 mW laser light. The Ahe-Fast Red fluorescence intensity, on the contrary, was still more than 60% of the original signal intensity after the 12 scan series with 5 mW laser light. Scanning with 0.15 or 0.5 mW laser light led in both cases to similar results and a reduction of approximately 10% after 12 scan series. 
Discussion
In this report we describe the application of the APase-Fast Red technique to fluorescence ISH. In both interphase and metaphase preparations, the parameters for an accurate localization and high fluorescence intensity of the APase-Fast Red ISH signals were determined. Cytochemical detection of the centromere l-specific DNA probe was performed by a procedure with three subsequent layers of AvAP, BioGAA, and AvAP, followed by the APase-Fast Red reaction. A one-layer (AvAP) or two-layer (avidin and BioAP) detection system resulted in only weak and more diffuse fluorescent APase-Fast Red ISH signals (see also 31). For the detection of small DNA target sequences, using, e.g., the subtelomere 1-specific probe pl-79 or the thyroglobulin probes, we prefer to use the MABioBioHAM-Av/BioAP detection procedure, since this method proved to be even more efficient than those described above.
Optimal Conditions for the APase-Fast Red Detection System
A distinct localization as well as strong fluorescence intensity of the APase-Fast Red ISH signals was obtained by reducing the concentrations of naphthol-ASMX-phosphate and Fast Red TR in the final staining buffer. Addition of PVA improved the discreteness of localization of the ISH signals obtained, most probably by reducing diffusion of the reaction product. Although we normally used 4% PVA in the staining buffer, concentrations between 4% and 18% PVA can be utilized for improvement of the discreteness of localization or for other reasons (18,38). The reaction time of the final staining step was of importance to obtain acceptable ISH results and thus an acceptable resolution. In both interphase and metaphase preparations, optimal fluorescence results were obtained with a reaction time of 15 min ( Table  2) . However, since the size of the target to which the probe hybridizes is also of importance, individual cases normally need further optimalization of the discreteness of localization of APase-Fast Red ISH signals. This can be obtained after fine-tuning of the reaction time.
Unlike the fluorescent ISH results, the optimal absorption results were obtained only after 30 min of staining time. A similar finding was also reported by Ziomek et al. (43) . It seems that staining reactions longer than 15 min cause the fluorescence intensity of the ISH signals to reach a level at which self-absorption of emitted fluorescence light by the reaction product prevents a further increase of the fluorescence intensity (33).
Sensitivity of the APase-Fast Red Detection System.
With respect to the sensitivity of the APase-Fast Red technique, one must realize that many conditions influence the formation of the final reaction product at the enzymatic site. The precipitate is the result of a complex system of chemical reactions and physical processes, in which the undesirable outflow of intermediates and still unprecipitated final reaction products can lead to inaccurate localization of that enzymatic site (36). Moreover, parameters such as pH, buffer composition, ionic strength, and temperature have been shown to strongly influence the efficiency of these enzymatic reactions (21, 27, 36, 37) .
Our modified APase-Fast Red procedure was shown to be a sensitive method for the detection of DNA target sequences up to the level of single-copy genes. Therefore, the sensitivity of this technique is comparable to the sensitivity of other fluorescence ISH procedures, e.g., the FITC fluorescence technique as described in Tible 3. Furthermore, fluorescence detection of the APase-Fast Red reaction product proved to be more sensitive than brightfield detection of the precipitate.
Dzfusion of the APase-Fast Red Prec2iJitate
Metaphase spreads incubated with the centromere 1-specific DNA probe show, after a 30-min Ahe-Fast Red reaction, a diffuse, total staining of chromosome 1. This observation can be explained by presuming that diffusion of reaction product occurs from the centromeric site along the entire chromosome within the chromosome matrix. However, close examination of several FITC-labeled ISH preparations, reacted with the centromere probe, revealed that in some cases very small spots were distributed over the entire chromosome, next to centromeric signals. These small "aspecific" interaction sites can be observed after ISH with probe lengths >500 BP in hybridization mixtures with dextran sulfate. For this reason, it is conceivable that the observed diffuse staining of the complete chromosome 1 is caused by the high sensitivity of the APase-Fast Red technique, which in combination with the diffusion phenomenon leads to complete chromosome staining. To prevent this "aspecific" staining phenomenon as much as possible, we prefer a staining period of 15 min in a PVA-containing buffer.
For detection of repeated DNA (centromere and telomere) sequences in metaphase spreads, ISH procedures without dextran sulfate can lead to an even more discrete localization of the APase-Fast Red ISH signals. This results in only slightly less intense ISH signals. Quantitation of the fluorescence intensities of ISH signals using the APase-Fast Red precipitate and '&RED as the fluorescent labels revealed that APase-Fast Red ISH signal intensities were comparable to or even stronger than %&ED signal intensities. Therefore, the APase-Fast Red technique has the potential to serve as a sensitive detection method for ISH.
Applications of Slowly Quenching Fluorophores
Application of the APase-Fast Red technique in double-target ISH can be of importance, since only one filter on the microscope is necessary to observe the red-orange Fast Red fluorescence in combination with the green FITC fluorescence.
The major advantage of this technique is the fact that the bleaching characteristics of the fluorescent precipitate are such that, after exposure to either mercury-arc light or different intensities of laser light, bleaching occurs at a very slow rate as compared with F I E . Therefore, the bleaching characteristics of the fluorescent APaseFast Red precipitate are of significant advantage for ISH studies, in which fading is a serious problem, especially for routine detection of small nucleic acid target sequences and for ISH studies using confocal scanning laser microscopy. Further exploration will reveal if this fluorescence detection method is also useful for immunocytochemistry. 
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